gaagegtsx A 12 A A 1 & (2000 3€)
Korean J Occup Environ Med, 2000:12(1):81-92

13 Bolst by AgkAe] Ag=s o Wy

ST - OlZ% - k- PHSH DM - BRI DY
Zolzk - Hxy2* - olFS - UTIE”

— Abstract —

Adipose Tissue and Serum Levels of PCBs and DDE
in Women with Gynecologic Benign Disease

Sung Kyun Park, Kang Sook Lee, Young Man Rho, Jung Wan Koo,
Sun Young Min, Jin Goo Han, Won Kyoung Ko, Mi Ran Kim*,
Jae Keun Chung”, Jong Seung Lee”, Jin Hong Kim*

Catholic Industrial Medical Center, The Catholic University of Korea
Department of Obstetrics and Gynecology. College of Medicine, The Catholic University of Korea™

Objectives : This study was purposed to determine the levels of PCBs and DDE in adi-
pose tissue and serum and to evaluate the relations with factors affecting these levels.

Methods @ We analyzed adipose tissues and sera from 52 gynecologic benign disease
patients aged 27-78 years, except hormonal diseases such as breast cancer and
endometriosis. We also surveyed age. education, occupation, body mass index(BMI),
smoking, drinking, number of children, and duration of breastfeeding by questionnaires.
Tissue and serum levels of PCBs and DDE were measured using gas chromatography.

Results : The median and geometric mean levels of PCBs were 48.29 ng/g. 56.78 ng/g
for adipose tissue and 4.67 ug/L, 4.85 wug/L for serum, and those of DDE were 142.89
ng/g. 117.06 ng/g for adipose tissue and 1.75 wg/L. 2.09 wg/L for serum, respectively.
Adipose tissue and serum levels for DDE showed high correlation (r*=0.310, p=0.0002), but
those of PCBs didn’ t (r=0.029. p=0.2582). In analyses of the differences of the means of
log transformed adipose tissue and serum PCBs and DDE levels for groups of potential
covariates, only adipose tissue DDE levels were significantly associated with number of
children (p=0.015), age at first birth (p=0.014) and BMI (p=0.035). In multiple regression
analysis, adipose tissue DDE levels were significantly increased with decreasing number of
children and increasing age at first birth.

Conclusions : This study suggested that parity and adiposity were associated with lev—-
els of DDE in adipose tissue, and adipose tissue is a better biomarker than serum for
evaluating the long-term exposure of organochlorines.

Key Words @ PCBs(polychlorinated biphenyls), DDE(dichlorodiphenyldichloroethylene],
Adipose tissue, Serum, Determining factors
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1962 Z¥HE oA 7}=(Rachel Carson)d]
Z 59 E(Silent Spring) & ¥ Aol ¥y
Ay wWR]of Aigk 935 32 DDT (dichloro-
diphenyltrichloroethane) & #71 &= 3}st&
o] A 2 A B4 did AunE 5o
(Carson, 1994), °|% DDT. PCBS(polychlorr
nated biphenyls) 5ol AFHE-EA] =i, AFA,
ofef #ASt W A7t A=EHEH Vs }“U‘r.
olglgt FFEES AEAWAA I8 FAI A
2 dd PdF T2 2-3e 289 I, B,
EH’\} AAE Wald 4 Sl WR¥A FeEd
(endocrine disruptors) 2 &2+t (Crisp &
1998). DDT¢ 1 "lAAIQRl DDE (dichloro-
diphenyldichloroethylene), PCBs, dioxin¥} #
< FUI9RA SIFE o] 3 d2EZAA S
2 OgE FolAe A4 I (sexual develop-
ment)Z} Aol dE Aoz 88 A (Colborn 5
1993), HdolAe 4ote] AA7IFES St BAST
Y AAE AMst, A7) #A 4o FUE fEst
I (Carlsen 5. 1992: Giwercman 5. 1993;
Sharpe &5, 1993), 449 A% fi, A7 &
A ko] Z7PF HaH ok (Sharara 5, 1998). &=
gk Biut ol A o]of 2 5eEA o) 717—%—3— frof

9] A7) A dEde A3 VP oE Aem ¢
A Qe (Jacobson %, 1996), PCBs¢ non-

Hodgkin lymphoma Atelel] §-%8kg- BAZE 3l
o] Egk H ¥ tHRothman &, 1997).

PCBst Qe eHgata sk} 4, 9] 5 #et
g9 W@ APyl gor, Adyel ot
19299 %8 A om Yasr] Aol 19709

H 11—
ol Eut7kR] Wyl EAEA, A,
o A, %%}21 7}aA, B3 (sealants), &<F

A A=

7] (hpophlhc 5}6‘”%5&1
t7let B %—”F. "é‘.%ﬂ% T EE 34 UdA =
Zo| 7beatH, AAd FhHE AR 57129
AH =5 7besht AEdA4d (food chain) e &
Aol %7

o] o] HHE Edl =Zdd. ol FEL
A o] Az :
AZo| 7bsgd, AE EH(blodegradatlon)ﬂ] o
gt Aol AN AzAd Az FHEBR o
2] AESH A% F Aol HA AVt =
Fote T2 AE7F 2 F Utk Aol v
AT F719aA SHgE sEE dashe
2 BEus3u AT (Robinson 5. 1990;
Harrison 5., 1998), o} 744 529 AlE
AA % EQ_I_ o E3] Atm
WS 53l goldAR LE 25 FF
AR Holxo] B4
FE& o] 73k E"J«] wE&Fo] AR5t Ao
HHPatandin 5, 1999).
dut o4 9179 AW PCBs® DDE :=Z&#%H2
fretale] #EAS Hrhgk AFdA BRuEdE
5

Qb e
10 © o
= ri

L‘AQ

il

g, ZZEWE] nested case-control study
3 xwe] wEFo] EaHAY(Wolff 5, 1993:
Krieger &, 1994. Hunter &, 1997: Laden
1999), B Atz Aol geolut o
FEd Ay go] gl EF(Lopez—Carrillo
1997: Van't Veer 5. 1997),
EH;‘L‘_rL(Zheng L 1999)2 Ude s Hay
Alg Fh9 AAH&
e TF At
gtz AAHA
PCBs¢} DDEFZ=%E
Aol gl AF el
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I3 (serum) S £
A 25E3F 44

Ho}oi teflon-lined cap®l
wa AU

g3 o] PCBs9 DDE
Bucholski %(1996)9]
o eoksid, FEg ¥
FFEIEE( anhydrous Na2s04) 5 g&
A E3E v R E
E(residues)¢] &< wW71x] 7123 & Al n-
Hexane 2 miz £3|A17]2 o] IHL 291 utEs)
At} Clean-up@3 22 florisil catridge (Sep-
Pak Plus Florisil Catridge, Waters)el| ether
11 mZ, 27 §&9 2~3 me Wz Yoz &
WS K2 U, &5 Aartas AREste] 3
FEo| E& w7kA] AxAIZ] ¥ n-Hexane 1 ml&
o] ytxAagntE g AR FH]EHI T

= Wolff 5(1991)3
WS st B35
Ao n-Hexane 20 mi<}
713l

Belsto] Warkr 2R
Kol

oI} oba MEHX|e| X|WAX U BHe| PCBs® DDE 55

Az Bae 0T BAAAT AYRY
5 g2 =91 ¥ petroleum ether 35 m<} F+3F
JHEE 15 goﬂ |aA7 v 25T w8l (soni-
cation) & AAlsIHon, ol W o] 4
7 B3tk &, AEA2 methanol 1 miol] =

o 7Ztx=AzntE D] FA4 Al82 FHeT

2 AFe PCBse H¥AHO=Z congener-
specific analysisg AFH&-3FS=0], ©]= coplanar
PCBsel Fx¢ S4°] PCDDs/Fs(polychlori-
nated dibenzo-p-dioxins/furans)$} At
= 5ol EA3Ae A ENA B HAle]

471 "otk (She 5, 1998). PCDDs® PCDFs,
PCBs &

7192 eS| 54L& S5
(toxic equivalency factors, TEFs)E o]-&3}o]
2.3.7,8-TCDD(tetrachlorodibenzo-p-dioxin)
3 el Aoz vebd 5 gled, B dF
A= Safe(1990)¢F WHO(Van den Berg %

1998) A Argt TEFs#te] =< PCBs con-
gener 13715 27} B43te] o Fx9 I AW

z24 4 839 F PCBs =& M3t
3k 1371 PCBs congener+ Table 13 2t}
BAANBEZEE PCBs, DDEE ®4317] 93l
GC/ECD(Hewlett Packard 5890 series-II gas
chromatography/Electron Capture Detector,
U.S.A)E AHgston, X0 o] 83t column
HP-5(Crosslinked 5 % phenylmethyl silox-
ane, Film thickness: 0.5 um, Length: 30 m,
Column I1.D: 0.32 mm, Hewlett Packard)e|t}.
PCBs®9 H&iAe
dichlorobiphenyl,

A=)
ER

monochlorobiphenyl,
trichlorobiphenyl, tetra-
chlorobiphenyl, pentachlorobiphenyl, hexa-
chlorobiphenyl, heptachlorobiphenyl, octa-
chlorobiphenyle] 27+ 1 mg/! T =2 T3€
PCBs #&&49 GC/ECD Ati#-g=(relative
response factor)& 242} F5ta AR rFE 1ol A
2¥ Z17he] PCB SiEES 2ol gawdd ,]o}
o FEE ET vE, FisteEs F PCB ¥%

TIRen dHoRE 4~5 mg/ 1A Aroclor
HTEde] ARnEINI Alge ARrEINS
W FEFETh. Adde AWY 4% ng/g, A
ug

/122 AASAT
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Table 1. 13 PCB congeners and DDE analyzed in this study and their toxic equivalency factors(TEFs)

proposed by Safe and WHO

TEF by Safe® TEF by WHO'

PCB-congener

2.2 .3.4 5,5 ,6-Heptachlorobiphenyl (PCB-187) - -
Mono-ortho-substituted PCB

2.3.3.4,4 -Pentachlorobiphenyl (PCB-105) 0.001 0.0001

2.3.4.4 5-Pentachlorobiphenyl (PCB-114) 0.001 0.0005

2.3 .4.4 5-Pentachlorobiphenyl (PCB-118) 0.001 0.0001

2 .3.4.4 5-Pentachlorobiphenyl (PCB-123) 0.001 0.0001

2.3.3.4.4 5-Hexachlorobiphenyl (PCB-156) 0.001 0.0005

2.3.3.4,4 5 -Hexachlorobiphenyl (PCB-157) 0.001 0.0005

2.3 .4.4 5,5 -Hexachlorobiphenyl (PCB-167) 0.001 0.00001

2.3.3.4.4 5.5 -Heptachlorobiphenyl (PCB-189) 0.001 0.0001
Non-ortho-substituted (coplanar) PCB

3.3 4.4 -Tetrachlorobiphenyl (PCB-77) 0.01 0.0001

3.4.4 5-Tetrachlorobiphenyl (PCB-81) - 0.0001

3.3 .4.4 5-Pentachlorobiphenyl (PCB-126) 0.1 0.1

3.3 .4.4 5.5 -Hexachlorobiphenyl (PCB-169) 0.05 0.01

DDE
1, 1-dichloro-2, 2-bis(p-chlorophenyl)ethylene

* Source : from Safe, 1990
" Source : from Van den Berg et al., 1998

4% PCBs®t DDE %9 #3x7} vj$-
(skewed) FEHE HolmZ AWEAZ Ao =
A FU3(median) 2.2 AASt, Wo] AE=
AR (quartiles)e] A MR <} Al HA Fre 2
ERSlTh e 24 F=o a3 (log transfor-
mation) #to] Bt} G WA BR, 2o e
el 9=Z(antilog)#-E A ¥ 718 (adjusted
geometric mean)—& 7|1& BAFC R AL

Az 3 3o PCBs 2@ DDE =9 98,
H|2kx] 5= (body mass index, ke/m2)ete] A&
yletslr] 915te] Spearman F#AFE FII AL,
PCBs¢t DDE s=ol 94&< nXe HFE gets)
7] 9te] wEFE, AAgE, 4, v,

o i
A w5 24,

ZHEA (ANOVA) S AT Tk EAREA o
A Fed Axg B HgEd st tgEdds
FAEA (multiple linear regression)& AAl3le]
7y Mge] Az a ¥ PCBs ¥ DDE &

84

A gate] Hi AHL 44,448 940l FHA
& 3 AgL T84 <9l Table 2+
AT didAke] ArzA] 9 d3o] PCBs¢ DDE &
=5 vehd Aelth, AgzAe A9 1370 PCBs
congeners =9 -2 FUgkel 48.29 ng/g. 713k
Htgre] 56.78 ng/gelal, DDE s%w FY3kel
142.89 ng/g. 718k 3ke] 117.06 ng/go =
DDE®¢] %7} PCBs congeners ¥%=9] gtHt} &
2 oz BENFEY. A9 49 PCBs con-
geners TE°] 32 FUwel 4.67 wg/ 1, 71318
ol 4.85 we/1°]3, DDE ¥2¥& F94#tol
1.75 wg/ 1, 713k wgko]l 2.09 we/ 1 o2, AWz
A3} g27 PCBs congeners %2 %] DDE
TEET A YEiEth ANz 8 Free
A#H4E Fig. 13 2t} PCBse @ ETh AHkx
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Table 2. Adipose tissue and serum levels of PCBs and DDE in study population

First quartile Median Third quartile Adjuéted
geometric mean
Adipose tissue (n=51)
ZPCBs* (ng/g) 20.5 48.29 128.39 56.78
DDE (ng/g) 67.20 142.89 195.98 117.06
Serum (n=52)
ZPCBs* (ug/L) 3.12 4.67 6.44 4.85
DDE (ueg/L 1.40 1.75 2.32 2.09
* Sum of concentrations of 13 PCBs with high TEF value
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L ]
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Concentration of serum PCBs

Concentration of serum DDE

Fig. 1. Correlations between adipose tissue and serum level for PCBs and DDE.
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Table 3. Results of analysis of variance(ANOVA) for the differences of the means of log transformed
serum PCBs and DDE levels for potential covariates

Variable PCBs DDE
n Mean+SD* p-value n Mean+SD*  p-value
Education
{ High school 24 5.77+2.93 0.130 18 1.97+1.32 0.485
High school 18 4.79+2.03 14 2.19+1.32
> College 7 2.56+2.12 5 1.93+1.20
Job
House wife 33 5.00+2.57 0.835 22 1.99+1.34 0.340
Blue Collar & Hairdresser 4 4.22+1.21 3 2.51+1.41
Others 9 4.08+3.52 9 2.16+1.20
Parity
Nulliparous 2 6.48+1.26 0.552 2 2.22+1.21 0.217
1-2 30 4.17+2.47 25 2.13+1.33
>3 13 5.59+2.68 8 1.77+£1.17
Age at first birth (years)
(20 2 5.17+1.58 0.889 1 1.69 0.677
20-24 15 4.25+2.23 12 1.96+1.34
25-29 23 4.71+2.56 17 2.14+1.33
> 30 2 2.97+1.96 2 1.82+1.11
Breastfeeding (months)
Never 14 4.70+2.28 0.780 12 1.98+1.25 0.307
1-6 5 3.60+2.10 4 2.21+1.36
7-12 6 6.71+4.98 5 2.50+1.38
212 18 4.94+2.57 12 1.93+1.34
Body mass index (kg/m¢)
(20 4 4.16+3.41 0.293 2 1.76+1.14 0.342
20-22.4 10 4.84+1.91 8 1.80+1.24
22.5-24.9 22 3.86+2.51 18 2.12+1.34
> 25 13 7.22+2.80 9 2.20+1.31
Smoking
No 42 4.88+2.66 0.877 31 2.02+1.30 0.509
Yes 6 4.57+2.05 6 2.19+1.35
Alcohol
No 19 6.36+2.20 0.105 14 2.01+1.34 0.746
Yes 29 4.05+2.74 23 2.07+1.30

*Adjusted geometric mean and standard deviation (ug/L) : antilog of the means and standard deviations
of log transformed values.

W(174.95£2.11 ng/g), AFALR olg3t f7] wAF, EiAde, 2AARE S TFAIR bdF3] A
A e FH wE S sl e Aoz BAS A Ave|t), AR HRAFE A5W
Atg¥th Fig. 2& AWx4e 2a3d DDE 2, Sy sEs 2430 sl o2 71822
Fhof Uit AP, vvkR|E RS 2y 2719] 7P (dummy variable) & WHECH, %
o] Zt Foll i3t box—plotS WEHN Zolt} e 204 mREE Ve E e s

Table 5+ AWZZ <] DDEd thale] A&z v mdd I3AZT, 457 1~2991 3 =
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Table 4. Results of analysis of variance(ANOVA) for the differences of the means of log transformed
adipose tissue PCBs and DDE levels for potential covariates

Variable PCBs bDE
n Mean+SD* p-value n Mean+SD*  p-value
Education
{ High school 22 49.40+2.52 0.299 24 111.21+£2.10 0.847
High school 18 63.02+3.07 18 107.56+2.12
> College 6 98.98+1.78 6 130.45+1.45
Job
House wife 30 60.52+2.88 0.387 32 93.57+1.97 0.058
Blue Collar & Hairdresser 4 114.72+1.19 4 174.95+2.11
Others 9 49.72+2.74 9 157.30+£1.97
Parity
Nulliparous 2 40.28+1.31 0.146 2 137.59+1.17 0.015"
1-2 28 71.70+2.53 30 138.44+1.83
>3 13 39.83+2.48 13 74.28+1.97
Age at first birth (years)
20 2 17.37+1.19 0.100 2 27.29+1.60 0.014'
20-24 14 54.42+2.54 15 115.59+1.79
25-29 22 79.22+2.71 23 129.54+1.91
> 30 2 144.25+1.46 2 91.87+1.45
Breastfeeding (months)
Never 13 75.23+2.79 0.690 13 114.00+1.86 0.433
1-6 5 87.58+3.00 5 155.00+£1.70
7-12 5 47.47+3.18 6 142.44+1.97
>12 17 55.77+2.74 18 96.16+2.10
Body mass index (kg/nt)
20 3 54.86+2.89 0.677 3 38.16+1.50 0.035'
20-22.4 10 60.13+£2.22 10 116.50+1.85
22.5-24.9 20 70.98+3.14 22 112.61£2.01
> 25 13 45.82+2.40 13 138.21+1.92
Smoking
No 39 61.64+2.65 0.289 41 109.72+2.10 0.738
Yes 6 38.92+2.69 6 121.87+1.58
Alcohol
No 19 50.61+2.55 0.432 19 115.45+2.21 0.768
Yes 26 64.02+2.76 28 108.40+1.93

* Adjusted geometric mean and standard deviation (ng/g) : antilog of the means and standard devia-
tions of log transformed values.
" p-value ¢ 0.05

Aol 20~244, 25~2041 T 47t FE2AE

7 2% 204 mlgktel] Bls] frefsiAl AR L

o] DDE =7} 3718k A& & & ok a3y

HRR = folido] Al dlEd ol HIEA|S ¥ A7 PCBset DDES AW =2 o] /83
Ay AFdo] w7] wFel vehd 292 #d AEAE (biomarker) 2 AWz Ao FrE
HArH(R=0.3412, p=0.0176). Ao, o]g]d FEo S nA F de 89
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Table 5. Multiple models for age-adjusted log-transformed adipose DDE regressed on the significant
variables in analysis of variance(ANOVA)

Change

Variables (in 10gDDE ng/g) Standard error p-value
Age (years) 0.014 0.013 0.2924
Body mass index (kg/nv) 0.073 0.037 0.0577
Parity @ 1-2* 0.540 0.247 0.0365
Parity : >3* 0 - -
Age at first birth : 20-24yrs' 1.416 0.463 0.0045
Age at first birth : 25-29yrs’ 1.483 0.494 0.0051
Age at first birth : >30yrs’ 1.112 0.633 0.0885

R’ is 0.425

* Parity : versus nulliparous
" Age at first birth : versus age at first birth ( 20
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Fig. 2. Box-plots of the log transformed adipose tissue DDE levels versus job, body mass index, parity
and age at first birth in study population.

*In job(upper-left panel), I: house wife, II : blue collar and hairdresser, III : the other jobs

88



oA shhael e =
d, e AF ARse &
I = oby A=
=i AAelth. Az 3
9951 27k /‘1% 73‘**1919] A
A o] (14
~5341) PCBse 260+200 ng/g.
PDE:= 590+35o ng/ga Ho] ® QpATET} o
bl =& = (Kang 5. 1997b). &A1
gl Aol 7} zsznom R
aHFT = F AolE Hole AN AHA A}
o2 welshe o AZ4ETh ¥ ol&Ady =
1499l Aolz, Fokel APA wEH A 5
o] =& Aoz IdHA xg
Al ek

>

ri
:1m
Az

=
(IR
o
HU

oo RIOEr lo e
T
N
flu)
1o
r—{u:
(o]

ox,
=
=
ook rlr
re
-
N
A
fo
e
s,
o
)
Yo
Hl
1o
o
o
¢

1991 11958 1992d 59714 3=
et At 2w Aol gz 75, PCBse
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